Purpose: Analyze the influence of insulin resistance on the balance between carbohydrate and fat utilization at rest and in progressive intensity exercise.
Introduction
Diabetes Mellitus (DM) is touted today as one of the greatest problems concerning public health. It is estimated that in 2030 approximately 366 million people will be suffering from some form of DM [1] . Diabetes mellitus type 2 (DM2) is caused primarily by insulin resistance, defined as "medical condition in which it is observed a normal or elevated concentrations of insulin that produces an attenuated biological response [2] .
Prior to the onset of the symptoms of diabetes type 2, despite insulin resistance being observed for years before, an increase in insulin secretion occurred, or even compensatory hyperinsulinemia, maintaining normal glucose levels until occurring dysfunction in beta-cells and inability to control blood glucose levels, and thus leads to the diagnosis of DM2 [3] .
Different researchers have observed that subjects with insulin resistance show changes in their energy metabolism, as in a study conducted with overweight women where the group of insulinresistant oxidized less carbohydrates than the control group [4] . In another study [5] in obese subjects with DM2, was observed a reduced oxidation of plasma fatty acids, but no differencesin the total fat and carbohydrate oxidation, compared to the control group. When not obese DM2 patients were analyzed it was not found any alteration in fat oxidation or carbohydrates [6] . In the last two studies cited above should be observed that the subjects were patients DM2, therefore hyperglycemic.
In many studies that measured the balance of substrate in subjects with insulin resistance, diabetes and obesity, it is a common feature the use of a fixed percentage of maximum VO2 for intensity-control. However studies have shown significant inter-individual differences in the use of lipids during exercise, as in the study by Achten et al. where was found that cyclistsreached the maximum rate of lipid oxidation (Fatmax) at intensities ranging from 42 to 84% (64±4%) of maximum VO2 [7] .
Achten and Jeukendrup measured the Fatmax in triathletes and cyclists and linkedthem with plasma lactate. The Fatmax intensity was found at 63±9% and the lactate threshold at 61±5%, with no significant differences between them [8] .
Considering the results, we can speculate the possibility of Fatmax occurring at different intensities in people with insulin resistance, but the absolute oxidation of fats and carbohydrates is not different in people sensitive to insulin, when exercise intensity is controlled by Fatmax or anaerobic threshold.
Some studies provide support for this hypothesis [9] observing that the crossover point (the point where the relative contribution of carbohydrate metabolism exceeds the fats in energy production) occurs at significantly lower intensities in overweight individuals when compared to subjects with a normal weight, and also Fatmax occurs at significantly lower intensities.
This study aims to analyze the influence of insulin resistance on lipid and carbohydrate utilization at rest and in continuous exercise with progressive intensity.
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Committee of the Department of Health Sciences, Federal University of Paraná (UFPR). Before performing any procedure related to the study was obtained the Instrument of Consent from all the study subjects.
This study evaluated 12 male subjects, volunteers, aged 20 to 30 years, divided into 2 groups: >IR (n=6), formed by subjects with higher insulin resistance; and <IR (n=6), formed by subjects with a lower insulin resistance.
The inclusion criterion established was that individuals should have a BMI less than or equal to 25 kg/m2 and be classified as sedentary, i.e. in other words, those who did not comply with the conditions recommended by the US Department of Health and Human Services consisting in 30 minutes of physical activity most days of the week [10] . The following subjects will be excluded from the study: the ones presenting diabetes, coronary heart disease, hypertension, peripheral vascular disease, infections or other possible health problems, or using any continuous medication.
The subjects performed under protocol for the measurement of substrate utilization at rest. Immediately after the collection at rest, it was applied the protocol for measuring substrate uptake during the exercise. That same day was performed measurements of anthropometric variables and body composition [11] [12] [13] [14] and the completion of the procedures.
Another day (with a maximum interval of 10 days of the first session) was collected blood samplings to determine the level of insulin resistance (HOMA).
The sessions took place at the same time of the day (between 8:00 a.m. and 10:00 a.m.) in order to avoid possible circadian variations witha period of fasting from 8 to 12 hours before the experimental protocols, to avoid possible influences from the food.
The supervision of a doctor was present during all the procedures.
Indirect calorimetry was used for the analysis of substrate utilization in different protocols (Fatmax, Substrate balance at rest, substrate balance in exercise and crossover point).
The calculation of the oxidationrate of lipid and carbohydrate was carried out from measurements of gaseous exchange through each breath, according to the not protein respiratory quotient [15] .
The balance of the resting substrate was measured with the subject lying for 30 minutes from which were collected gases. For the purposes of calculationswas used the average amount of the last 10 minutes.
For measurement of Fatmaxand VO2 max it was used a modification of the protocol proposed by Achten et al. [16] . The test was performed on a treadmill (Reebok, model X-Fit 7) and started at 5 km/h with a slope of 1%, where the slope was increased by 2% every 3 minutes until reaching a respiratory quotient of 1.0. The consumption of carbohydrates and lipids was calculated by averaging the measurements of VO2 and VCO2 in the last two minutes of each stage and plotted in relation to the percentage of maximal oxygen consumption. The intensity at which the largest absolute intake of fat was observed was considered as the intensity of Fatmax. The heart rate of each participant was simultaneously measured throughout the test with a frequency of Polar brand, model S610.
To determine the crossover point, the relative contribution (%) of fat and carbohydrates were plotted during the exercise protocol in relation to the intensity of the exercise. We considered crossover point that point where the intensity contribution of fat and carbohydrates proved to be identical (50%).
Biochemical analyzes were performed at the Department of Clinical Analysis in the Clinical Hospital of the Federal University of Paraná.
The concentration of circulating glucose was analyzed by glucose hexokinase II (H II GLUT) method by Kit Glucose Hexokinase II and reactive ADVIA 1650 (Bayer).
Insulin was determined by immunometric immunoassay method, using the IMMULITE 2000 equipment where the necessary reagents for chemiluminescence reaction are permanently packed under refrigeration inside the machine.
For all comparisons between the groups (>RI and <RI) was used the non-parametric Mann-Whitney test, and Spearman correlation test was used to test the relationship between insulin resistance and the use of lipids and carbohydrates during rest and exercise.
For all analyzes was established the significance level of p<0.05. Statistica 6.0 software was used for data analysis and Graph Pad Prism 4.0 software for the construction of graphs. Table 1 shows the anthropometric and body composition characteristics of the study subjects. No significant differences in age, weight, height, BMI, BF% and LBM were observed between the groups >RI and <RI. Table 2 shows the maximum oxygen consumption (VO2 max), where no significant difference was observed both in relative consumption (ml/kg/min) as in the absolute consumption (L/min), showing that both groups met with similar levels of cardiorespiratory fitness.
Results
The >RI group showed a significantly higher concentration of insulin than the <RI group, which reflected a significantly higher level of insulin resistance (Table 3) . No differences concerning glucose concentrations (Table 3) were observed, demonstrating that both groups showed similar glucose tolerance, differing only in insulin resistance. Still, about glucose, all participants had concentrations within the normal range (>110) according to the Brazilian Diabetes Society [17] . Table 4 shows the results of the analysis at rest. No significant differences were observed concerning the total oxidation of lipids and carbohydrates.
No significant differences were observed in the total oxidation of lipids and carbohydrates at the intensity corresponding to Fatmax (Table 5) . Furthermore, no significant correlation was observed among insulin resistance and total oxidation of lipids and carbohydrates and rest and exercise.
Discussion
Regarding BMI all subjects are classified as "eutrophic" according to the table of the World Health Organization [18] . This was an important control factor in this study, since excess of body fat, only by itself, can influence the use of fat and carbohydrates [4] .
The fact that no significant difference was found in maximal oxygen consumption (VO2 max), demonstrates that both groups present similar levels of cardiorespiratory fitness, important controlling factor, since the fitness level can influence the consumption of substrates [19] .
The >RI group showed a significantly higher concentration of insulin compared with the <RI group and this result was expected, since the groups were divided according to the level of insulin resistance.
No significant differences were observed in the total oxidation of lipids and carbohydrates at rest. Other authors also observed no changes in the total oxidation of lipids and carbohydrates, as in obese T2DM compared with non-diabetic obese [5] ; in T2DM non-obese compared with non-diabetics subjects [6] ; in obese with impaired glucose tolerance compared with obese T2DM subjects and obese subjects with normal glucose [20] ; and obese compared with nonobese subjects [21, 22] . However, some of these studies using stable palmitate isotopes showed a reduced oxidation of plasma fatty acids in obese [5] presenting T2DM and non-diabetic obese subjects. In the latter was observed a negative correlation between the rate of oxidation of plasma fatty acids and central obesity, which showed a correlation withthe insulin resistance. However, no one knows for sure, whether this fatty acid oxidation reduction, observed in both studies, is a cause or whether an effect of insulin resistance. Or even, if both are influenced by the increase of body fat. There is evidence that such fat metabolism disorders related to insulin resistance are not the effect of the body fat increase. Studies have shown an association between the content of intramyocellular triglycerides and insulin resistance even in individuals with a normal weight [23, 24] . According to Kelley and Mandarino is possible to associate the decrease in the oxidation, observed in these studies, with an increased concentration of malonyl-CoA, an inhibitor of CPT complex activity, although this relationship has only been demonstrated in animals [25] .
In the present study it was not possible to measure the contribution of the different sources for the total fat oxidation. However, it is possible that as well as in previously published studies, the RI group would have demonstrated a reduced plasma FA oxidation.
Although this study raised the hypothesis that disturbances in energy metabolism associated with insulin resistance could influence the exercise intensity where is showed an highest consumption of fats (Fatmax) and the intensity where the energy coming from carbohydrates begins to be predominant compared with the one derived from fats (crossover point) and also in the total amount of carbohydrates and lipids used in the intensity corresponding to Fatmax. Perez-Martin et al. demonstrated that obese showed the crossover point and Fatmax at intensities significantly lower than in non-obese individuals [9] . The authors argued that such changes could have occurred by several factors: BMI, absolute amount of fat, fat distribution, amount of visceral fat, diet, level of physical activity and insulin sensitivity. In the present study, the groups were similar in terms of body composition and physical activity level, differing only in the degree of insulin resistance and no differences were observed related to Fatmax and Crossoverpoint. Perhaps, the changes observed in the aforementioned study occurred due to other variables instead of insulin resistance, mainly because of the differences concerning the amount of body fat.
Fatmax occurred, in both groups, at lower intensities than reported in the study conducted by Achten et al. [16] . In this study the authors observed that the Fatmax for cyclists and runners occurred at an intensity of 659.2±2.8 % VO2 max. In addition, the absolute lipid utilization was also lower than in the cited study (0.65±0.05 g/ min). The rate of lipid oxidation was higher in the present because the sample consisted in athletes and because the training level influences such parameters [19] . No significant differences were observed in the total oxidation of lipids and carbohydrates at the intensity corresponding to the Fatmax. Furthermore, no significant correlations were observed among insulin resistance and total oxidation of lipids and carbohydrates and rest and exercise.
Goodpaster et al. studied the effect of obesity on the substrate balance during exercise comparing obese subjects with a non-obese control group [22] . Obese subjects showed a higher total fat oxidation and lower total carbohydrate oxidation (due to lower utilization of glycogen). The authors cited, among the possible causes, the presence of a smaller amount of glycogen andthe increased oxidation of intramyocellular triglycerides in the obese individuals. In this study, obese individuals were probably more resistant to insulin, since they showed an insulin concentration three times higher than in the control group. Thus, besides the amount of body fat, the individuals probably differed in insulin resistance and the changes observed in the balance of substrate could be associated with insulin resistance and not with obesity.
In another study Blaak et al. investigated the substrate oxidation using an indirect calorimetry and infusion of palmitate isotopes during the exercise (60 min of Cycle ergometer at 50% VO2 max) in obese type 2 diabetic patients and a control group of obese non diabetic [5] . There were no significant differences in total fat and carbohydrate oxidation at rest and in exercise. The group formed by diabetics showed a significantly lower plasma fatty acids and an increased oxidation of fatty acids derived from triglycerides, possibly due to the higher concentration of intramyocellular triglycerides. It was not measured in this study the contribution of different carbohydrate sources.
In order to eliminate the possible influence of obesity, Borghouts et al. studied not obese type 2 diabetics [6] . Those DM2 patients showed a significantly lower rate of glycogen oxidation and an oxidation of blood glucose greater than the control group during exercise (60 min of Cycle ergometer in the 40% of VO2 max). There were no significant differences in relation to the total rate of fats and carbohydrates oxidation. Importantly, the last two studies cited that subjects were T2DM patients, therefore hyperglycemic, and the movement of glucose from the blood into the tissues may have been facilitated by the action of the body mass [4] .
Aiming to study possible changes in substrate due to insulin resistance, without the influence of hyperglycemia and differences in body composition, Braun et al. studied insulin resistant women overweight and obese, but with normal blood glucose, during 50 minutes of walking on a treadmill at 45% VO2 max [4] . A significant decrease was observed in the total carbohydrate utilization in the group of individuals insulin resistant. With these results, the authors argued that changes in the balance of substrate can not be attributed to insulin resistance and the presence of fat in excess. Among the possible explanations the authors pointed out the possibility of the insulin resistant group having a higher concentration of intramyocellular triglycerides, so that the use of carbohydrates may have been reduced by the greater availability of fats.
In the present study were also checked the possible effects of obesity and hyperglycemia, but no significant differences were observed. There is a possible explanation if we compare to Braun et al. study, where differences in insulin resistance between groups were most striking than in the present study, since the authors included in the sample (using the index of insulin sensitivity) subjects with index <4 (insulin resistant) and >7 (insulin sensitive), eliminating individuals who had intermediate values [4] . In this study were included in the samples subjects with a smaller range of insulin resistance.
Moreover, were not included in the present study subjects presenting a severe insulin resistance. Stern et al. proposed the use of a cutoff point for classifying insulin resistance based on HOMA-IR > 4.65 [26] . Even in the RI group the highest value of HOMA-IR was 1, 2, still strongly below the cutoff point.
We observe, therefore, strong evidence that changes in the balance of the substrate, connected with insulin resistance, may be linked to an accumulation of intramyocellular triglycerides, observed in insulin resistant subjects.
It is possible that, in the sample of this study, the differences in relation to the levels of intramyocellular triglycerides have not been striking in order to reflect significant changes in the balance of substrate.
Conclusion
Considering the results in this sample we can conclude that:
• There was no significant difference in utilization of fats and carbohydrates among subjects with higher insulin resistance (>RI) and subjects with lower insulin resistance (<RI) at rest.
• There was no significant difference in the intensities corresponding to the intersection point between energy sources (crossover point) and the maximum fat oxidation rate (Fatmax) between the groups >RI and <RI.
• There was no significant difference in the utilization of fats and carbohydrates at the intensity corresponding to Fatmax between the groups >RI and <RI.
